There are limited data about clinical outcomes of biodegradable polymer biolimus-eluting BioMatrix stents (BP-BES) and durable polymer everolimus-eluting Xience stents (DP-EES) in real world practice. We sought to compare the clinical outcomes of BP-BES and DP-EES in real world cohorts of patients undergoing percutaneous coronary intervention. A prospective multicenter registry enrolled 999 patients treated with BP-BES and 1,000 patients treated with DP-EES. The primary outcome was target lesion failure, defined as a composite of cardiac death, target vessel-related myocardial infarction, or target lesion revascularization. Definite or probable stent thrombosis was also compared in total and propensity scorematched cohorts. The median follow-up duration was 24 months, and mean age was 65 years (interquartile range, 56-72 years). Patients receiving BP-BES had a lower prevalence of acute coronary syndrome, prior myocardial infarction, multi-vessel disease, bifurcation lesions, and left anterior descending artery lesions than those receiving DP-EES. After propensity score matching (692 pairs), target lesion failure occurred in 22 patients receiving BP-BES and in 25 patients receiving DP-EES (3.2% versus 3.6%; adjusted hazard ratio [HR], 0.92; 95% confidence interval [CI], 0.53 to 1.60; p = 0.77). The risk of definite or probable stent thrombosis did not differ between the 2 groups (0.4% versus 0.4%; adjusted HR, 1.03; 95% CI, 0.21 to 4.98; p = 0.97). The results were consistent across various subgroups. In the propensity score-matched analysis of real world cohorts, BP-BES showed similar clinical outcomes compared to DP-EES. We need to investigate about whether differences in clinical outcome emerge during long-term follow-up.
Introduction Drug-eluting stents (DES) consisting of a metal platform and a polymer coating with the release of antiproliferative drugs had reduced restenosis compared with bare metal stents [1, 2] . However, first-generation DES such as sirolimus-or paclitaxel-eluting stent also increased the concern about late stent thrombosis [3] [4] [5] . Durable polymer was potentially associated with delayed healing, allergic reaction, and chronic inflammation that could lead to impaired endothelialization of the stent strut and positive vessel remodeling, and increase the risk of stent thrombosis [6, 7] . Newer generation durable polymer-coated DES was developed to improve polymer biocompatibility, and biocompatible durable polymer everolimus-eluting stent (DP-EES) is regarded due to safety and efficacy profile as the gold standard [8] . In addition, newer generation DES using biodegradable polymer was also developed to overcome the long-term adverse vascular reaction related to the durable polymer. Recent studies showed that biodegradable polymer biolimus-eluting stent (BP-BES) had a safety benefit compared with first-generation DES in terms of a reduction in very late stent thrombosis [9] . In addition, BP-BES showed similar safety and efficacy in comparison to DP-EES [10, 11] . Although previous studies were randomized controlled trials which were optimized to compare the safety and efficacy between two groups, they might be inappropriate to show directly applicable data to real world, because of several inclusion and exclusion criteria. Therefore, we sought to compare the safety and efficacy of BP-BES and DP-EES in an "all-comer" registry.
Materials and methods

Study population
revascularization. Individual components of the primary outcome, all-cause death, myocardial infarction, and definite or probable stent thrombosis were compared as the secondary outcome. All deaths were considered cardiac unless a definite non-cardiac cause could be established. Myocardial infarction was defined as elevated cardiac enzymes (troponin or myocardial band fraction of creatine kinase) greater than the upper limit of the normal value that occurred alongside ischemic symptoms or electrocardiography findings indicative of ischemia unrelated to the index procedure. Target lesion revascularization was defined as revascularization within stent or within 5mm border of stent deployment. Definite or probable stent thrombosis was assessed according to the definition of the Academic Research Consortium (9) . Basal clinical and angiographic characteristics and all follow-up data were collected prospectively into a dedicated PCI registry, and missed additional clinical information was obtained by the review of medical record or telephone encounter.
Statistical analyses
Continuous variables were expressed as mean ± SD and compared using an independent t-test or the Mann-Whitney test. Categorical variables were summarized as numbers with percentages and compared using chi-square test or Fisher's exact test. Time-to-event hazard curves were presented with Kaplan-Meier estimates and were compared using a log-rank test. To balance the patients for various clinical and angiographic characteristics, we used the propensity score matching method in a pairwise manner. The propensity score, which represents the probability of the use of BP-BES, was estimated without regard to outcome using multiple logistic regression analysis [12] . The pairs were matched using one-to-one individual matching between the BP-BES and DP-EES group. The balance was deemed satisfactory when the standardized mean differences are less than 10%. In the propensity score-matched population, the reduction in the risk of an outcome was compared using a clustered Cox regression model [13] . All tests were two-tailed, and p values less than 0.05 were considered significant. R 
Results
Baseline characteristics
Among a total of 1,999 patients (2,687 lesions), 999 patients (1,258 lesions) underwent PCI using BP-BES and 1,000 patients (1,429 lesions) underwent PCI using DP-EES. Mean age was 65 years (interquartile range, 56-72 years). Baseline clinical and angiographic characteristics of patients were described in Table 1 , and angiographic characteristics of lesions were described in Table 2 . Patients treated with DP-EES had a higher prevalence of acute coronary syndrome at admission, dyslipidemia, previous myocardial infarction, and previous bypass surgery than those treated with BP-BES. Multi-vessel disease, bifurcation lesion, and ACC/AHA lesion type B2 or C were more common in the DP-EES group than in the BP-BES group. The stent was implanted more and longer in DP-EES group than BP-BES group. After propensity score matching, 692 pairs were yielded, and baseline characteristics were well-balanced between the 2 groups (Table 1) .
Clinical outcomes of the total population
The median follow-up was 24 months (interquartile range, 24-32 months) in the BP-BES group and 24 months (interquartile range, 24-33 months) in the DP-EES group. The cumulative outcomes are summarized in Table 3 . The TLF occurred in 25 patients treated with BP-BES and in 39 patients treated with DP-EES (2.5% versus 3.9%, p = 0.12). There were no significant differences between 2 groups with respect to all-cause death, cardiac death, myocardial infarction, target vessel-related myocardial infarction, target lesion revascularization.
The definite or probable stent thrombosis occurred in 4 patients treated with BP-BES and in 4 patients treated with DP-EES (0.4% versus 0.4%, p = 0.99, Table 4 , Fig 2) . All except 2 patients were on dual antiplatelet therapy at the time of the event. Two patients presented with very late stent thrombosis at 675 days and 1,015 days after index procedure, respectively ( Table 5 ). The administration of dual antiplatelet therapy was continued similarly between the 2 groups at 1 year (83.4% versus 85.5%, p = 0.23), but the use of dual antiplatelet therapy maintained more frequently in BP-BES group than in DP-EES group at 2 years (44.0% versus 33.6%, p <0.001).
Clinical outcomes of the propensity score-matched population The cumulative rate of TLF was similar in the 2 groups (3.2% versus 3.6%, p = 0.77, Table 3 ) and no significant differences were observed in the rate of TLF at 1 year and in a landmark analysis between 1 year and 2 years ( Fig 3B) . Definite or probable stent thrombosis was very low and comparable between both groups (0.4% versus 0.4%, p = 0.97).
Subgroup analysis of the total population
Hazard ratios for the TLF according to several clinical, angiographic or procedural subgroups were shown in Fig 4. There were no significant interactions between TLF and subgroups.
Discussion
The prospective observational registry provides head-to-head comparison of BP-BES versus DP-EES, and includes all-comers except for cardiogenic shock. Present data show that, BP-BES had similar safety and efficacy profiles in the total and propensity score-matched populations. TLF rate did not differ significantly between the 2 groups, and individual outcome 
Total population
Propensity score-matched population
BP-BES (n = 999) DP-EES (n = 1,000) p Value SMD (%) BP-BES (n = 692) DP-EES (n = 692) p Value SMD (%)
Age, years 64. Values are expressed as mean ± SD or n (%). ACC/AHA = American College of Cardiology/American Heart Association; BP-BES = biodegradable polymer biolimus-eluting stent; CABG = coronary artery bypass graft; DP-EES = durable polymer everolimus-eluting stent; LVEF = left ventricular ejection fraction;
NSTE-ACS = non-ST-segment elevation acute coronary syndrome; MI = myocardial infarction; PCI = percutaneous coronary intervention; SIHD = stable ischemic heart disease; SMD = standardized mean difference; STEMI = ST-segment elevation myocardial infarction. *LVEF was available in 767 patients (76.8%) with BP-BES and 831 patients (83.1%) with DP-EES in total population, 539 patients (77.9%) with BP-BES and 574 patients (82.9%) with DP-EES in propensity score-matched population.
https://doi.org/10.1371/journal.pone.0183079.t001
also is not different. The rate of probable or definite stent thrombosis was very low and similar between the 2 groups. 
Values are expressed as mean ± SD (number of lesions assessed) or number of lesions/number of lesions assessed (%). ACC/AHA = American College of
Cardiology/American Heart Association; BP-BES = biodegradable polymer biolimus-eluting stent; DP-EES = durable polymer everolimus-eluting stent; PCI = percutaneous coronary intervention.
https://doi.org/10.1371/journal.pone.0183079.t002 Table 3 . Clinical outcomes in the total and propensity score-matched populations.
BP-BES (n = 999) DP-EES (n = 1,000) Hazard Ratio (95% CI) p Value
Total population Values are expressed as n (%). BP-BES = biodegradable polymer biolimus-eluting stent; CI = Confidence interval; DP-EES = durable polymer everolimuseluting stent; HR = hazard ratio; MI = myocardial infarction.
BP-BES was demonstrated to have an equivalent or superior efficacy and safety in the final 5-year report of the LEADERS (Limus Eluted From A Durable Versus ERodable Stent Coating) trial compared with durable polymer sirolimus-eluting stents [9] . Especially, very late stent thrombosis was significantly lower in patients treated with BP-BES than in those treated with durable polymer-coated sirolimus-eluting stents. However, these advantages of BP-BES have not been observed in comparison with DP-EES. Two randomized trials, COMPARE II (Comparison of the Everolimus Eluting With the Biolimus A9 Eluting Stent) and NEXT (NOBORI Biolimus-Eluting Versus XIENCE/PROMUS Everolimus-Eluting Stent Trial) reported that BP-BES was not superior in terms of safety and efficacy compare with DP-EES at 1 year [14, 15] . On the contrary, network meta-analyses have shown an increased risk of BP-BES regarding to MI or stent thrombosis, compared with DP-EES [16, 17] . Recent 3-year report of COMPARE II and NEXT showed the similar safety and efficacy outcomes between BP-BES and DP-EES, and partially dispelled concern regarding the safety of BP-BES [10, 11] . However, there was limited data comparing safety and efficacy results of the BioMatrix BP-BES and Xience DP-EES in real world practice. An all-comer registry is needed to confirm safety and efficacy of BP-BES.
Concerning efficacy, the cumulative rate of TLF defined as a composite of cardiac death, target vessel-related myocardial infarction, or target lesion revascularization was similar Values are expressed as n (%). BP-BES = biodegradable polymer biolimus-eluting stent; DP-EES = durable polymer everolimus-eluting stent.
https://doi.org/10.1371/journal.pone.0183079.t004 between groups in our propensity score-matched population. This result was coincident with those of randomized trials compared with BP-BES and DP-EES, including COMPARE II and NEXT [10, 11] . BP-BES could not show the improvement of efficacy outcome compared with DP-EES. With regard to safety, the benefit of BP-BES is expected beyond 1 year. The LEAD-ERS trial showed lower risk of very late stent thrombosis in the BP-BES group compared to the durable polymer-coated sirolimus-eluting stent group [9] . In our study, definite or probable stent thrombosis occurred in 4 patients with BP-BES (0.4%) and in 4 patients with DP-EES (0.4%). Especially, very late stent thrombosis occurred in 1 patient with BP-BES (0.1%) and in 1 patient with DP-EES (0.1%). Very low rate of stent thrombosis were consistent with those of previous randomized trials [10, 11] . In COMPARE II trial, stent thrombosis at 3 years occurred in only 9 patients with BP-BES (1.3%) and only 13 patients with DP-EES (1.4%) [11] . The 5-year rate of definite or probable stent thrombosis in DP-EES was also low (0.9%) in SORT OUT IV (Randomized Clinical Comparison of the Xience V and the Cypher Coronary Stents in Non-selected Patients With Coronary Heart Disease) trial [18] . There are several reasons why BP-BES failed to show superior safety compared to DP-EES. First, several randomized studies and registry showed that DP-EES still had an excellent safety [18] [19] [20] , and comparison with BP-BES versus DP-EES might provide uncertain results. Second, median follow-up duration of 2 years may have been insufficient to assess long-term safety after BP-BES implantation compared with DP-EES implantation. Third, BP-BES has relatively thick strut (120 μm versus 81 μm) and polymer coating (10 μm versus 7.8 μm) compared with DP-EES. The possible benefit of biodegradable polymer might be offset by its thicker strut which is associated with higher risk of adverse clinical outcome. The optimal combination of ideal stent geometry, strut thickness, polymer coating technology, and drug in DP-EES plays a more important role in early-phase stent thrombogenecity than biodegradable polymer [17] . The present study could not avoid certain limitations associated with its observational nature. The use of BP-BES and DP-EES was at the discretion of the physician. Several confounding factors may have affected the results of our study. For example, DP-EES was used more frequently in the complex situation, possibly due to better deliverability of DP-EES [21] . Although we sought to reduce potential confounding using propensity score-matched analysis, we were not able to correct for the unmeasured variables. Second, clinical outcomes of BP-BES or DP-EES in present study were relatively low, and the power of the present study was low to draw any definite conclusion, especially stent thrombosis. However, we need to consider that this study was dedicated to comparing clinical outcomes of BioMatrix BP-BES and Xience DP-EES in real world setting. Randomized trials with long-term follow-up are needed to confirm equal safety and performance of both stents.
Conclusion
The target lesion failure and stent thrombosis of BP-BES were similar to that of DP-EES in this propensity score-matched analysis of an observational registry. 
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